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SUMMARY 



Problem ^ 

The sophistication of military equipment is increasing while training budgets are 
decreasing. Thus,'' to assure cost-effective training, .those skills and knowledges that are 
essential for successful job performance in, the fleet must be identified, as well as the 
subordinate skills and knowledges that enable the trainee to master essential skills. 

Objective 

The objective of • this effort was to identify mathematicar skills required for 
successful performance in the Navy electronics "A" schools. It is the first in a series of 
reports designed to identify mathemathical requirements relevant to^-electronics training. 

Approach . 

Instructors in 1^ electronics "A" schools (12 basic and 2 advanced) were asked to 
assess the importance of 70 mathematical skills for successful electronics course 
performance, to indicate whether the surveyed skills are prerequisite, reviewed, or taught 
by the "A" schools, and to state the number and type of performance aids used in each 
school. Also, in a follow-up survey, instructors from four schools were asked how much 
time was spent in each school reviewing and teaching all mathematics topics surveyed. 

Findings 

1. ^ The number of math skills rated as affecting performance in a basic core course 
ranged from 1^ (Construction Electrician (CE) School) to ^1 (Sonar. Technician (ST) 
School). The two advanced courses included in. the study, the Advanced First Term 
Avionics (AFT A) and the Fire Control Technician 11 (FTII) courses, require 59 and 28 skills, 
respectively. 

2. All of the skills rated as affecting performance are considered as prerequisites in 
all schools, except for transposition of algebraic expressions, which is taught in the 
Gunner's Mate ^GM) 'School. All of these skills, however, are reviewed by one or more 
schools. 

3. Across all schools, the most important skills are (a) addition, subtraction, 
multiplication, and division of numbers, (b) squares and square roots of positive numbers, 
(c) addition and subtraction of like units, (d) multiplication and division* of like units, (e) 
multiplication and division of unlike units, (f) substitution of known values into a given 
formula, and (g) transpositions of algebraic expressions. 

Of the 70 skills in the survey, 19 do not appear in any basic core courses, and 2 
more do not affect performance. These skills are in the Logarithms fl). Equations (2), 
Algebraic Expressions (7), Determinants (2), Geometry and Trigonometry (5), and Phasors 
(*) topic areas. 

5. Four standard electronics units— volt, ohm, amp, and watt— are used in all 
courses. Only ^ of the 1^ courses use the meter. 

. 6. Performance aids are permitted in all courses except the Data System Techni- 
cian (DS) course, both during the course and during exams. The nonprogrammable 
calculator is the most universally used performance aid for math computation. 

vii - . 



7. Instructors at the four schools participating in the follow-up survey reported that 
between one and five percent of total tr-aining time was spent in reviewing or teaching 
jjhathematics. ' ^ * ^ 

Conclusions ' 

1. Although a number of mathematical skills are considered to be course prerequis- 
ites, many students require instruction in these skills in the form of review or re teaching. 

2. In most courses, students are not required to perform mathematics operations 
manually. 

3. The amount of time spent on review and teaching of mathematics is minimal. 
Recom mendations 

. 1. Further studies should be conducted to: - 

a. Deternr)ine if "A" school mathematics requirements are justified; that is, if 
they are necessary for fleet performance or as an enabling skill for another skill critical 
to fleet performance. 

b. Determine if entry levels of electronics Class "A" school students match 
prerequisite requirements; 

c. ' Determine the extent to which Basic Electricity and Electronics Prepara- 
tory Schools provide training in mathematical skills considered as prerequisite to the elec- 
tronics Class "A" schools. 

.2. Given the variability of mathematical skills required in the Navy's electri- 
city/electronics courses, curriculum developers should ensure that curricula are designed 
to provide instruction only irt those skills required by an individual course. 
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INTRbDUCTION 



Problem . ' 

The sophistication of mljitary equipmeAt is increasing while training budgets 'are 
decreasing. Thus, to assure cost-effective training, those skills and knowledges that are 
essential for successful job performance in the' fleet must be identified, as well as the 
subordinate skills and knowledges that enable the trainee to master essential skills. . 

Navy recruits are assigned to ratings and. corresponding Class ''A" schools based on 
scores obtained on the Armed Services Vocational Aptitude Battery (ASVAB), which 
measures aptitudes in a number of areas. Over 23,000 of the approximately 60,000 
recruits who enter Navy Class "A" schools every year are trained in electronics 
maintenance. Before these recruits enter "A" school, however, they must successfully 
undergo initial training on the fundamentals of electronic theory at one of the Basic 
Electricity and Elelctronics (BE/E) preparatory schools, which are located at Orlando, FL; 
Memphis, TN; Great Lakes, IL; „ and San Diego,-C A. — The course at the BE/E schools 
consists of a"series of modules, each comprised of one or two units. Students scheduled to 
enter the electronics ratings must master the first 11 modules of the BE/E course before 
proceeding to more specialized training. Since the BE/E course and all follow-on courses 
use mathematics to express relationships in electronic systems, a diagnostic mathematics 
test is given prior to BE/E. Students who have deficiencies in mathematics are deferred 
to remedial mathematics units, but are not tested on these units. 

Although the background required for the electronics "A" school is m^re stringent 
than in most, areas of Navy technical training and the preliminary instruction most 
advanced, "A" school instructors frequently report that many students are not prepared to 
begin "A" school curricula. They cite mathematical skills as a primary deficiency among 
studeats and view this inadequacy as significantly contributing to unsatisfactory perform- 
ance in electronics. Since electronics theory is, to some degree, mathematical, and since 
course curricula generally rely on the mathematical foundations of theory, it follows that 
deficiencies in math would interfere with the learning of electronics. 



Background 

Steinemann (1965), in an attempt to obtain detailed information regarding electronics 
training in military , and Civilian organizations, surveyed mathematical skills in Navy 
Electronics Techniciin (ET), Fire Control Technician (FT), Sonar Technician (ST), and 
Avionics Technician (AV) Class "A" schools, and in Radioman "B" schools. He found that 
"some algebra, trigonometry, powers-of-ten, roots and squares, logarithms, and binary 
arithmetic are commonly included" ih most Class "A" electronics courses. However, he 
noted that uniform acceptance of particular mathematical skills in the curriculum "is not 
necessarily proof that they are needed by the average technician in the performance of 
his duties." 

Stauffer (1955) developed tests of mathematics skill and knowledge of electricity for 
use in determining training requirements for sonar maintenance. He found that results of 
mathematics and electricity subtests predicted, to a statistically significant degree, 
student success in the sonar maintenance training program. However, his report did. not 
include a detailed account of the analysis procedures employed, a list of the skills that 
were tested, or the items that comprised the tests. 
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. . Cox "and Montgomery f in an investigation o'f mathematics skill requirements 

for Army*-ba^ic electronics courses, identified* 19 specific computational skills and 
constructed a "test to measure them. Although test results showed that most of the 
mathematical skills were moderately related to success in basic electronics, no single, skill 
was a "powerful predictor of any available estimate -of .success." 
• ' ■ ' '.^ ^ ' ' 

3ohns6h (1969), as part of a broader study, interviewed instructors and found that 
computational skills then being taught in avionics fundamental courses were generally 
viewed as "enabling skills"; that is, skills taught to facilitate the learning of other, more 
job-oriented skills. Also, he presented the instructors with- several dozen items on 
computational skills, and asked them to indicate the relevance of each skill to job 
performance. Although the instructors rated only two of the computational skills, as 
relevant to the job, most of them felt that such skills were an aid to further training. 

Anderson (1962) constructed a mathematical achievement test to me,asure ETs' basic 
abilities in powers-of-ten, square, roots, algebjra, logarithms^ trigonometry, and binary 
arithmetic. Results of the test indicated that, in general, ETs not only lacked prpficiency 
in mathematics but, also, that there was no "appreciable relationship between their test 
results and job proficiency." - As a result, Anderson questioned whether the conte>it of the 
ET course was appropriate. - ' ' 

While mathematical skill does not r^elate to job performance, it has been a good 
predictor of electr.onics training success. However, since this finding is based oh 
correlations that, by themselves, do not adequately define %.the relationship between 
mathematics ability and electronics peformance, it is ''necessary to determine more 
conclusively whether mathematics is an enabling skill for learning electronics. 

Enabling or subordinate skills are derived through a task analysis procedure in which 
each "terminal" or higher-order task or skill is systematically analyzed to determine the 
enablers that comprise it. Hence, if mathematics is an enabler for learning electronics, a 
better insight into the relationship, between electronics performance and mathematical 
ability, beyond that offered by correlational data, should be obtained. 

Purpose 

The purpose of this study was to determine those mathematical skills identified by 
course instructors as required for successful performance in Navy electronics Class "A" 
schools, the validity of those requirements was not addressed. 



METHOD 

Study Participants 

The "A" school courses listed in Table . 1. were included in the study. Twelve of 
these courses— all but the Advanced First Term Avionics (AFT A) and the Fire Control 
Technician II ,(FTII) courses— are attended by BE/E school graduates and focus on the 
respective "A^* schbol- core, skills and knowledges. All of these schools graduate at least 
100 students per year.^ AFTA and FTII are advanced courses attended only by students 
who rank academically in the upper two-thirds of their respective basic core courses. 



^Although the Interior Communications Electrician School (IC) graduates more than 
100 students annually, it was not included in this study because it was undergoing major 
curriculum changes at the time of data collection. \ 
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Table 1 

Class "A" Courses Included in Study 



Class "A" Courses 



Location 



Number of Instructors 
Responding to Survey 



Aviation Electrician's Mate (AE) 

Avionic Technician (AVA) 

Advanced First Term Avionics (AFTA)^ 

Construction Electrician (CE)^ 
Construction Electrician (CE) 

Data Systems Technician (DS) 

Eledtricians Mate (EM) 

Electronics Technician (ET) 

Electronfcs Warfare Technician (EW):^ 

EW Corrective Maintenance (EWC) 
EW Preventive Maintenance (EWP) 

Fife'dontrol Technician I (FTI) 

Fire^Control^%hnician II (FTII)^ 

Gunner's Mate (CM) 

" Sonar Technician (ST) 

Total ' 



Memphis 

Memphis 

Memphis 

Gulfport 
■ Port Hueneme 

' Mare Island 

Great Lakes 

Great Lakes 



Pensa;cola 
Pensacola 

Great Lakes 

Great Lakes 

Great Lakes 

San Diego 

\ 



7 

9 

8 

3 
5 

9 

5 



3 
3 

3 

3 

5 
3 

70 



' ^ — ; ~ 

^hese are advanced courses, attended only by students who rank academically in the 
upper two thirds of their respective basic cot'e courses. 

Two locations of the CE school were surveyed?, and treated independently to 
determine whether instructor response^ were consistent across locales. . ^ ^ 

^Data were obtained separately for the preventive and^ corrective maintenance \, 
sections of the EW scliool since each section represented a distinct block of instruction 
taught by different iinstructors, > 



Survey Development 



Several electronics math textbooks, including the principal one t;sed by Navy 

electronics schools, Basic Mathematics for Electronics (Cooke and Adam:-, 1970), were 

reviewed to develop a list of candidate math skills/ Seventy skills were identified, and 
grouped into the 1^ topic areas shown in Figure 1. 

A survey form was then developed, which included two example problems for each of 
the 70 skills identified. These problems represented the range of difficulties found in the 
review of electronics math materials. For each skill, respondents were asked to indicate 
the level of importance of the skill to the course. Responses were to be made on a 6- 
point scaie, where 5 = Indispensable, and 0 = Not required* For skills rated as affecting 
performance (i.e., rated above 1), respondents were asked to indicate the level of 
instruc 'on provided. Responses were made on a 3-point scale, where P = Prerequisite 
(must possc^»ss skill on entrance to course), R = Reviewed (some level of skill is assumed, 
but skill is reviewed in course), and T = Taught (no previous knowledge assumed; ti.ught 
explicitly as a skill for the course). 

A copy of the skills survey is provided in the appendix. 

Administration 

The survey was administered simultaneously to senior instructors ^at the schools 
listed* in Table 1, during the period from 27 June through 21 July 1978. After providing 
instructors with a copy of the survey, the experimenter explained the purpose of the 
research project and the survey, gave general instructions, and read aloud the definitions 
for each rating of importance and level of instruction. It was stressed that responses 
should apply to the entire course as presently taught, and not to the instructor's opinion of 
how the course should be taught. 

. After the instructors completed their survey, which took from 10 to 20 minutes, the 
experimenter discussed the entire survey with the group, one skill at a time. Skills that 
elicited c^.fferent responses were discussed and a consensus, if reached, was recorded by 
'the experimenter. If "consensus could not be reached, the individual respcases were 
recorded by the experimenter. Major response changes occurred when an instructor 
forgot how a particular skill v/as used, or when he rated the skill as important but later 
realized it was used little or not at all in his course. The entire sessidh was tape recorded 
and required approximately 1.5 hours. 

After the discussion session, the instructors were asked to list the kind of math 
performance aids (e.g., calculators, formula sheets, ilide rules), if any, studei ts use^during 
the course and/or during the exam* Also, they were asked to indicate the lanits of 
measurement and' the number bases (binary, octal, or hexidecimal) that are used in the 
course. 

Follow-up Survey i * 

' A follow-up survey was administered to senior instructors at the ET, GM, EM>' and 
FTI Class "A" schools at Great Lakes, IL. (In some cases, instructors participaxmg in the 
follow-up survey were the same as those who participated in the original survey.) This 
survey ^ ""S identical to the first, except that respondents were also asked to indicate how 
much instructional time was spent in reviewing and teaxjhing skills that instructors in the 
original survey had designated as being rev iewed or taught. 



Arithmetic Operations with Numbers (^); 



!• Addition, subtraction, multiplication, and division of numbers 

2. Squares and square roots of positive numbers 

3. Powers and roots of positive numbers greater than squares and square roots 

4. Percentages of numbers ^ 

Estimation (1):. 

5. Estimation of answers to arithmetic computation 
Fractions (5): 

6. Addition and subtraction of fractions 

7. Multiplication and division of fractions 

8. Powers and roots of fractions 

9. Reduction of numeral fractions to lowest terms 
10. Simplification of complex fractions 

Units and Conversions (7); 

IK Addition and subtraction of like units 

12. Multiplication and division of like units 

13. Multiplication and division of unlike units 
1ft. Squares and square roots of units 

^15. Unit conversion between nonmetric and metric systems 

16. Unit conversion within a metric system 

17. Unit conversion within a nonmetric system . 

Scientific Notations (ft): 

18. Representation of numbers in scientific notation 

19. Addition and subtraction of numbers in scientific notation 

20. Multiplication and division of numbers in scientific notation 

21. Powers and roots of numbers in scientific notation 

Decibels (Ih 

22. Decibels 
Logarithms (ft) 

23. Logs and antilogs found from log tables 

2ft. Arithmetic computation using logs . , 

25. 3olution of logarithmic and exponential equations 

76. Logs of numbers to bases other than lOj using base 10 log tables 

i ^ nuations (6): 

27. Substitution of known values into a given formula 

28. Transpositions of algebraic expressions 

29. Application of transpositions on equations with more than one variable 

30. Solutions of quadratic equations 

31. Solutions of second-order simultaneous equations 

32. Solutions of third-order simultaneous equations 



Figure !. Skills identified as being related to performance at Navy electronics Class 
"A" Schools. 



Algebraic Expressions (9): 

33. Addition and subtraction of algebraic expressions 

34. Multiplication and division of.simple algebraic expressions _ 

35. Multiplication of algebraic expressions up to binomials 

36. Multiplication of algebraic expressions larger than binomials 

37. Divisipn of algebraic expressions 

3S. Powers and roots of simple algebraic expressions 

39. Powers and roots of polynomials 

40. Addition and subtraction of fractional algebraic expressions 

41. Factoring algebraic expressions 

Determinants (2): 

42. Evaluation of determinants 

43. Solutions of simultaneous equations using determinants 
Geometry and TriRonometry (8): 

44. Conversion of radian and degree measures of angles 

45. Pythagorean theorem 

46. Use of trigonometric tables to find specified function of a given angle or the angle 
of a given function 

47. Solutions to right triangles 

48. Calculations of the area of a given triangle 

49. Solutions for unknown parts of a nonright triangle using laws of sines or cosines 

50. Solutions of amplitude, frequency, phase angle, period, and angular velocity of a 
given periodic function 

51* Amplification of sum and difference identities 

Phasors (7): ^ ' ^ 

52. Conversion of polar and rectangular coordinates 

53. Powers and roots of signed numbers 

54. Addition and subtraction of phasors in rectangular form 

55. Addition and subtraction of polar phasors, 

56. Multiplication and division of phasors in rectangular form 

57. Multiplication and division of polar phasors 

58. Powers and roots of polar phasors 

Number Bases (4): 

59. Conversion of numbers to different number systems 

60. Addition and subtraction in number systems from #59 

61. Multiplication and division in number systems from #59 

62. Complements of binary numbers 

Boolean Algebra (8): 

63. Conversion of Boole^. . expressions to truth tables 

64. Conversion of logic diagrams to truth tables 

65. Conversions of Boolean expressions to logic diagrams 

66. Simplification of Boolean expressions ... 

67. Conversion of logic diagrams to Boolean expressions 

68. Simplification of Boolean expressions involving minterms (Veitch diagrams) 

69. Conversion of truth tables to Boolean expressions 

70. Conversion of truth tables to logic diagrams 



Figure 1. (Continued) 



RESULTS AND DISCUSSION 



Original Survey 

r Importance and Skill Acquisition Level Ratings 

.. - ■ 

Table 2 presents the importance and skill acquisition ratings assigned to the 70 
mathematical skills surveyed by instructors at the 1^ schools. As shown, the number of 
' skills required or rated as affecting performance (i.e., rated above "1" on the survey) in 
the basic core courses ranges from in the CE-G and CE-P schools to ^1 in the ST 
school. AFTA and FT II, the two advanced courses included in the analysis, require 59 and 
28 skills respectively. If digital math (Number Bases and Boolean Algebra), which is not 
included in traditional high school curricula, is excluded, the number.pf skills required in 
basic core courses ranges from 11 in OS to 29 in ST. AFTA and FTII would require and 
18 skills respectively. 

Sets of math skills are not common across courses. In fact, only five skills— numbers 
I and 2 (Arithmetic Operations with Numbers) and 11-13 (Units and Conversions) appear in 
every common core course. These skills, along with skills 27 and 28 (Equations) tend to 
receive high ratings across all basic courses. Since these skills are the building blocks for 
all quantitative electronics problems, they are probably used more frequently than are the 
other skills. 

Of the 70 skills in the survey, 19 do not appear in any basic core course, and 2 more 
do not affect performance. These skills are in the Logarithms (26), Equations (30, 32), 
Algebraic Expressions (3^, 36-^1), Determinants (^2, ^3), Geometry and Trigonometry (^^, 
*8-51), and Phasors (53, 56-58) topic areas. No topic area is required in its entirety in 
every school. In fact, of the topics with more than one skill, only Scientific Notation, 

, Number Bases, and Boolean Algcdbra are required in their entirety by any basic course. 

"determinants skills are not required in any basic course; Algebraic Expressions skills, in 
only one course (ST); Phasors, in only two courses (FTI and ST); and Logarithms, in only 
three courses (EWC, EWP, and ST). 

There appear to be six skill clusters among all courses. That is, all skills in those 
clusters tended to be given the same importance rating by ihstructors whhin a specific 
schooL These clusters are in Fractions (6, 7), Units and Conversions (11, 12, 13), 
Scientific Notation (18, 19), Logarithms (23, 25), Equations (27, 28), and Number 
3ases/BobIean Algebra (59, 65, 67, 69, 70). Apparently, the tasks in 'a course that require 
one skill in the cluster require the others to the same degree. 

The responses given by instructors at the four electrician schools— AE, CE-G, CE-P, 
and EM --were similar, with instructors at the two CE schools giving the most consistent, 
although not iderttical, responses. Ten skills were rated as affecting performance in all 
four courses (I, 2, 6, 7, il, 12, 13, 27, & 28); four more, in three courses (9 & ^5— CE-G, 
CE-P, (Sc EM; 16— AE, CE-G, & EM; 17, AE, .CE~G, & CE-P); three miore, in two courses (5^ 
-AE & CE-P; 29 <5c ^6— AE & EM); and five more, in one course (10, 1^, 18, 19, & 6*-EM); 
Skill numbers 1, 2, 11, 12, 13, 27, and 28 tended to be rated most important (as they 
were in all of the basic core courses). However, of these, only number 1 was rated as 
indispensable to any of the four courses. The topic areas considered as affecting 
performance in the electrician schools were Arithmetic Operations with Numbers (1, 2, ^), 
Estimations (5\ Fractions (6, 7, 9, 10), Units and Conversions (11, 12, 13, 1^, 16, 17), 
Scientific Notations (18, 19), Equations (27, 28, 29), Geometry and Trigonometry (^5, ^6), 
and Boolean Algebra (6^)« 



' Table 2 

Importance (I) and Skill Acquisition Level (L) Ratings Assigned to Mathematical Skills 



AE 


AVA 


AFTA 


CE-G 


CE-P 


DS 


EM 


ET 


EWC 


EWP 


FTI 


FTII 


CM 


ST 


No. of Courses 

in Which 
Skill Affects 
Performance 


Topic Area Skill 1 t 


1 L 


I I 


I L 


1 L 


1 L 

r 


1 L 


I L 


' L 


1 L 


1 L 


!• L 


I L 


-I L 


Arithmetic Opera- 1 5 P 
tionswith 2 2 P 
numbers W ) 1 - 
4 1 P 
(3) 


5 R 
5 R 
1 " 

5 R 
(3) 


5 P 
5 R 

5 R 

<; D 
) R 

M 


k P 
P 

0 

h D 

(3) 


5 P 

2 R 
0 " 

' 1 D 

(3) 


C D 

5 

3 R 

n 

(3) 


4 R 
0 ' " 
li R 

(3) 


; — R 

•J R 
0 ■■ 

(3) 


^ R 
5^R 
0 " 
5 R 

(3) 


1 " 

0 " 
5 R 
(2) 


4 R 
0 " 
4 R 
(3) 


5 P 
0 " 
0 " 
0 " 

(1) 


5 P 

2 R 
0 " 

3 R 

(3) 


4 P 
li P 
0 " 
4 P 

(3) ■ 


14 
12 
2 

12 


Estimations (1) 5 2 P 
(1) 


2 R 

(1) 


3 R 

(1) . 


1 " 

(0) 


2 P ' 
(1) 


2 R 
(1) 


.1 
(0) 


3 R 

(1) 


0 " 

(0) 


0 " 

(0) 


1 " 

(0) ; 


0 " 

(0) 


0 

(0) 


2 P 

(1) 


) 7 


„ 0 1 

Fractions (5) 6 3 R 
7 3' P 
I 0 -• 

9 1 ■■ 

10 0 •- 
(2) 


1 " 
1 •■ 

0 " 

1 " 
3 R 

(1) 


5 T 
5 T 

k T 
5 R 
It R 
(5) 


2 P 
2 P 
0 

2 P, 
0 

(3) 


:2 R 

2 R 
0 " 
2 R 
0 " 

(3) 


0 - 
0 " 
0 

0 " 

0 .. 

(0) 


'2 R 
2 R 
0 " 
H P 
2 P 
(4) 


2 R 
1 " 

0 

1 " 
0 " 

(1) 


3^ 

2 R 
It R 
0 ■- 

3 R 

(4) 


2* R 
■ 2* R 
1 - 
3 R 
J R 
(4) 


1 " 
1 - 

0 ■■ 

1 " 
1 " 

(0) 


4 f 
4 T 
0 •• 

3 R 
0 " 

(3) 


1. R 
•2 R 
0 

2 R 
0 " 

(3) 


4 P 
2' P 

0 .. 

2 P 

1 - 

(3) 


11 
10 
2 

8 . 
5 


Units and Con- II (i P 
verison$(7) 12 k P 
13 Ii P 
H 1 " 

15 'O^ •- 

16 3^ P 
-.17 2 P 

(5) 


5 R 
5 R 

i» -R 
2 R 
1 " 
5 T 
5 R 
(6) 


5 P ' 
5 R 
J R 
if R 
0 " 
5 R 
It T 
(6) , 


2 R 

3 P 
3 P 
1 . " 
0 " 
3 P 
3 P 
(5) 


k P 
ja p 

* P 
1 " 
1 " 

1 ■■ 

2 R 

w 


5 P 
5 P 
4 P 
0 " 

0 - 
H P 

1 " 


H P 
If R 
3 R 
H R 
0 ". 
k P 
0 ■■ 
(5) 


5 R 
5 R 
* R 

1 " 

2 T 
5 T 

3 T 
(6) 


5 R 
5 R 
5 R 
5 R 
0 " 
5 R' 
5 R 
(6) 


5 R 
5 R 
5 R 
5 R 
0 - 
5 R 
5 R 
(6), 


4 P 
4 P 
4 P 
1 - 
0 " 
4 R 
4 R 
(5) 


4 P 

K 

0 " 
0 " 
4 R 
3 R 

(5) 


3 R 

2 P 

3 R 

2 R 
0 " 
0 " 

3 T 
(5) 


4 F 
3 P 
2 P 

2 P 

1 " 

3 P 
■0 " 
(5) 


14 
14 
14 
7 
1 

■ 12 
II 


Scientific Nota- IS 1 - 
tionW 19 1 ■■ 

20 0 ." 

21 0 " 

(0) . 


5 R 
5 R 
5 R 
1 " 

(i) 


5 R 
5 R 
5 R 

ii R 


0 - 
0 - 
0 - 
0 " 

(0) 


0 - 
0 - 
0 - 
0 - 

(0) 


5 R 
J R 
2 R 
0 - 
(3) 


i| R 
2 R 
0 " 
0 - 
(2) 


J. T 

4 T 
If T 
4 T 
If T 
(4) 


i. n 

4 R 
4 R 
4 R 
4 R 
(4) 


4 R 
4 R 
4 R 
3 R 
(4) 


4 K 
4 R 
2 P 
0 - 

(3) 


t K 
4 R 
4 P 
0 - 
(3) 


n 

U " 

0 " 

0 - 
0 " 
(0) 


ti D 
H r 

4 P 
4 P 
4 P 

(4), 


in 

, 10 
9 
5 



Notes: 



1. Importance (I) ratings are based on responses made on a 6-point scale, where 0 . Not required, 1 = Dispensable, 2 = Somewhat useful, 3-: Generally useful, 4 = Very 
Important, and 5 : Indispensable. 

2. Skill acquisition level (L) ratings are based on responses made on a 3-point scale, where P Prerequisite, R = Reviewed, and T = Taught. 

3. Numbers in parentheses are the iotal number of skills within a topic area that affect performance (i.e., they were rated above "1" in importance). ,i 
^Instructorsdid not reach consensus on importance ratings of these skills. Numbers given are average ratings obtained, rounded to the nearest whole number. 



Table2(Cortinued) 



AE 


AVA 


AFTA 


CE-G 


CE-P 


DS 


EM 


ET 


EWC 


EWP 


FTI 


Fill 


CM 


ST 


No. of Courses 
in Which 
Skill Affects 
Performance 


Topic Area Skill I L 


1 L 


I L 


1 L 


1 L 


I L 


I ■ L 


1 L 


I L 


I L 


1 L 


1 L 


I L 


I L 


Decibels (1) 22 1 - 

(0) , 


1 - 

(0) 


3 R 

(1) 


0 

(0) 


0 - 

(0)' 


0 - 

(0) 


0 - 

(0) 


3 T 
(1) 


k T 
(1) 


i| T 
(I) 


0 - 

(0) 


0' 
(0) 


0 

(0) 


H T 

!" 


- 5 


Logarithms (*) 23 0 

2* 0 - 

25 0 

26 0 - 

(0) 


0 -■ 
0 " 
0 -- 

0 - 

(0) 


3 R 
2 R 
2 R 

0 

(3) 


0 

0 - 
0 - 
0 - 

(0) 


0' - 
0 - 
0 - 
0 - 

(O)', 


0 - 

0 - 
0 - 
0 - 

(0) 


0 

0 - 

O'. ~ 
0 - 
(0) 


1 - 
1 - 
0 - 

(0) 


5 T 

0 - 
5 T 
0 - 
(2) 


5 T 
0 - 
5 T 
0 - 

(2) 


0 V 

V V 

0 -A 

0 - 
0 - 
(0) 


0 - 
0 - 

O'' - 
(0) 


0 - 
0 ■- 

0 " 
0 

(0) 


4 T 
3 T 
3 T 

0 

(3) , 


H 
2 
k 
0 


Equations (6) 27 3 P 

28 3 P 

29 3 R 

30 0 - 

31 0 - 

32 0 - 
(3) 


5 R 
5 R 
1 - 
0 - 
0 - 
0 ■■ 
(2) 


5 R 
5 R 
5 R 
0 - 
3 R 
0 - 
W 


3 P 
3 P 

A 

0 ■■ 

0 - 
0 - 
0 - 

(2) 


k R 
k R 
1 - 
0 - 
0 - 
0 - 
(2) 


0 - 
0 - 

ft 

0 - 
0 - 
0 - 
0 - 

(0) 


H R 
4 R 

It D 

0 - 
0 - 
0 ~ 

13) 


H R 
k R 

0 - 
0 - 
0 - 
(3) 


5 R 
5 R 

0 - 
0 - 
0 - 

(3) ' 


5 R 
5 R 

0 - 
0 - 
0 - 

(3) 


3^ R 
H R 
0 - 
0 - 
0 

0 - 

(2) 


H P 
li R 
1 - 
0 

0 - 
0 ■■ 

(2) 


5 P 
T 

ii T 
0 - 
0 - 
0 - 
(3) 


H P 
li P 
3 P 
0 - 
3 T 
1 

W 


13 
13 
8 

0 1 

2 

0 


Algebraic Expres- 33 0 - 
sions(9) yt 0 - 

35 0 - 

36 0 - 

37 0 - 

38 0 - 

39 0 - 
W 0 

<il 0 - 


0 - 
0 - 
0 - 
0 - 
0 -■ 
0 - 
0 -■ 
0 

0 - 

fnl 


5 R 
* R 
H R 
H R 
5 R 
5 R 
3 R 
3 R 
H R 
(9) 


0 - 
0 ■■ 

0 - 
0 - 

0 

0 - 
0 - 
0 - 
0 - 
(0) 


0 - 
0 - 
0 - 
0 - 
0 - 
0 - 

0 - 
0 - 
0 

(0) 


0 - 
0 - 
0 - 
0 - 
0 - 

0 •-. 
.0 - 
0 - 

(0) 


0 - 
0 

0 - 
0 - 
0 - 

0 - 
0 -■ 
0 - 

(0) 


0 - 
0 - 
0 - 

0 
0 

0 

0 - 
0 ■■ 

(0) • 


0 - 
0 - 

0 - 
0 - 
0 - 
fl - 

0 - 
0 - 
0 

(0) 


0 - 
0 - 
0 - 
0 - 
0 - 
0 - 

V 

0 - 
0 - 
0 » 

(0) 


0 " 
0 - 

0 - 

0 - 
0 - 
0 - 
0 - 
0 - 
0 " 
(0) 


0 - 
0 - 

0 - 
0 

0 - 
0 - 
0 - 
0 ~ 
0 - 
(0) 


0 " 
0 - 
0 - 
0 " 
0 - 
0 ■■ 
0 - 
0 - 
0 - 
(0) 


3 P 
0 ■■ 

2 P 

0 

0 ■■ 

0 " 
0 " 
0 

0 - 
(2) 


2 
1 

2 


Determinants (2) (i2' -0 - 
<i3' 0 -- 

' , (0) 


0 -r 
0 - 

(0) 


0 - 
0 - 

(0) 


0 " 
0 - 
(0) 


0 - 
0 - 

(0) 


0 - 
0 - 

(0) 


0 - 

' 0 - 
(0) 


0 - 
0 ~ 
(0) 


0 - 
0 - 
(0) 


0 - 
0 - 

(0) 


0 - 

0 -. 


0 - 
0 - 

(0) 


0 - 
0 " 

(0) 


0 ■- 

0 

(0) 


0' 
0 



* Notes : 

" I. Importance (1) htings are based on responses made on a 6.point scale, where 0 = Not required, 1 = Dispensable, 2 = Somewhat useful, 3 = Generally useful, 4 = Very 
important, and 5 : Indispensable. 

2. Skill acquisition level (L) ratings are based on responses made on a 3-point scale, where P = Prerequisite, R Reviewed, and T = Taught. 
' 3. Numbers in parentheses are the total number of skills within a topic area that affect performance (i.e., they were rated above "1" in importance), 
instructors did not reach consensus on importance ratings of these skills. Numbers given are average ratings. obtained, rounded to the nearest whole number, 
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Table k 

Performance Aids Permitted in Electronics Courses 



Course . 



No. Courses 































in Which 


Performance Aid 


AE. 


AVA 


AFTA 


CE-G 


CE-P 


DS' EM' 


ET 


EWC 


EWP 


FTI 


FTII 


CM 


ST 


Used 


In Course 


Computer 




X 


X 


X 


X 






X 


X 








X 


7 


Calculator 


X 


X , 


X 


X 


X 


- X 


X 


X 


X 


X 


X 


X^ 


X 


13 


Slide Rule ' 


X 


X 


X 


X. 


0 

' X 


X 


X 


X 


X 


' X , 


X 


X 


X 


13 


Log Tables 


X 


X' 


X 


X 




" X 


X 


X 


X 


X 


X 




X 


11- ' 


Trig Tables 


■ X 


X 


X 


X 




- X 


X 


X 


X 


X 


. X 




X 


11 ' 


Formula Sheets 


X 


X 


' X 


X 


X 




X 


X 


X 


X 


X 




X 


12 


,No aids used 


5 


6 


6 . 


6 


n > 


0 5 


5 




6 


5 


5 




6 


67 


In Exam 


Computer 








X 






\ 


X 


X 








9 




Calculator ' ,. 




X 


X 


X 




- X 


'"i 
X 


X 


X 


X 


■X 






W 


Slide Rule 


X 


X 


X 


X 




- X 


X 


X 


X 


X 


X 


X 


t 


12 


J,og Tables 


X 




"X 


X 






X 


X 


X 


X 


X 




X 


9 ' 


Trig Tables 


X 




X 


X 






X 


X 


X 


X 


X 




X 


9 


Formula Sheets 


X 














x' 


x' 








X 


; J 


No aids used 


5 


2 


5 


5 


1 


0 2 


k 


6 


6 


k 


•I| 


2 


3 


i|9 



^Some instructors permit use of calculators, but not all. 
^Only formula sheets given by instructors, 
2 5 ^Formula sheets not permitted Phase 3 exam. 




during exams in all but DS and ST. Although all students must own a slide rule, few, if. 
any, know how or care to use them. The low cost of simple calculators has made them the 
most universally used performance aid for arithmetic calculations. All courses except DS 
permit their use in class, and all but CE-P, DS, and ST permit them during exams. Thus, 
in most courses, students are not required to perform many mathematical operations 
manually. 

All courses but CEP, DS, and GM permit logarithm and trigonometry tables to be 
used in class; and all but AVA, CE-P, DS, EM, and GS, during exams. Formula sheets are 
provided for use in class at 12 of the 1^ schools; however, since they were not examined^ 
it Is not known whether they actually reduce the required mathematical skills. On some 
formula sheets, various forms of equations are given, eliminating the need for students to 
transpose them (e.g., P =: IE; I = P/E; E = P/I). On others^ however, equations may be 
presented in only one form. 

Follow-up Survey 

Importance and skill acquisition ratings assigned to mathematical skills by EM, ET, 
FTI, and GM instructors in the follow-up survey were consistent with those assigned in the 
original survey. As shown in Table 5,. the total time spent reviewing math topics surveyed 
ranges from 2.7!> hours (EM) to 12.75 hours (ET); and the total time spent teaching all- 
math topics surveyed, from 0.50 hours (EM) to 16.75 hours (GM). Thus, it appears that 
students are expected to enter the school with an array of mathematical skills. 



Table 5 

Mean Time Spent Reviewing (R) and Teaching (T) Math Topics Surveyed 





EM 
f^5 Hours) 
(9 Weeks) 


FTI 
(55 Hours) 
(11 Weeks) 


GM 
(60 Hours) 
(12 Weeks) 


ET 
(85 Hours) 
(17 Weeks) 




' T 


R 


T 


R 


T 


R T 


Mean Time (Hours) 


,2. 75" 0.50 


5.50 


0.25 


3.50 


16.75 


12.75 13.75 


Percent of Total 
Training Time 
'-^ 


0.06 0.011 


0.100 . 


0.00^ 


0.058 


0.279 


0.1'f7 0.162 
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CONCLUSIONS 

1. Although a number of mathematical skills are considered to be course prerequis- 
ites, many "A" School students require instruction in these skills in the form of review or 
reteaching before they can perform successfully. 

2. In most courses, students are not required to perform mathematics operations 
manually. . . 

3. The amount of time spent on review and teaching of mathematics is minimal. 



1. 



RECOMMENDATIONS 

Further studies should be conducted to: 



a: Determine if "A" school mathematics requirements are justified; that is, if 
they are necessary for job performance or as an enabling skill for another skill critical to 
job performance. 

b. Determine if entry levels of electronics Class "A" school students match 
prerequisite requirements. ^ 

c. Determine the extent to which BE/E preparatory schools provide training in 
mathematical skills considered as prerequisite to the electronics Class "A" schools. 

2. Given the variability of mathematical skills required in the Navy's electri- 
city/electronics courses,. curriculum developers should ensure that curricula are designed 
to provide instruction only in those skills required by an individual course. 



'^8 
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APPENDIX 
MATHEMATICAL SKILLS SURVEY 



A-0 
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NPRDC \m SKILLS SURVEY 



CflliTEflTS ■ 



Arithrotic fwations yith Numbers (1-4) 
Estimation (5) ..... . 

Fractions (MO) 

Units and Conversions (11-17), 
Scientific Notation (18-21). 
Oecilels (22). ....... 

Logarittims (23-26) ... .■. 

Equations (27-32) 



Page 



Algebraic Expressions (33-41) . . 

Determinants (42-43) 

.Geometry and Trigoncmet-y (44-51) 

Phasors (52-58) 

Number Bases (59-62) 

Boolean Algebra (63-70) 

Computational Aids 



SCALE 



Page 

4 • 

4 

5 

6 

6 

7 

8 



5 Indispensable The student will not be able to pass your portion of the course if be lacks this skill . 

4 Very Important The student's performance will be affected substantially if he lacks this skill , but it will not cause liim to fail your 
portion, of the course. 

3 Generally Useful The student's performance will be affected if he lacks this skill, 



2' Sooiowhat Useful 
1 Dispensable 
0 Hot Required , 



The student's performance will be slightly affected If he lacks this skill, i.e., there is at least one instance where the 
student is asked to demonstrate or use this skill. 

The student's performance will not be affected If he lacks this skill but it appears during your portion of the course,"i.e, 
the skill may be referred to when answering a question or. for enrichment wheR time permits. [a ''nice to know" skill). ' " ' 

The skill does not-appear during your portion of the course. 



SKILL ACQUISITION 



P Prerequisite Hust possess skill on entrance to course. 

R Revictii'ed Some level of skill is assumed, but skill Is reviewed 1n course. 

T Taught ' flo previous knowledge assumed; taught explicitly as a skill for the course, 
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mwim oPERATioiis huh noiisers 



I ftrtfnlJOCJ of furt^M, 



3 



ICircie Ont) 
5 

< P 

• 3 R 
2 I 

; 



5 

< P 

3 \« 

1 



(o*'fi .'nd rcfllJ poiltlrf P/^frj jreitr 

4 P 

-/ii- I I 

1 

Hoi Required 



S 

4 P 

i A 

I T 

1 

Hot PflulfCd 



ESTIMATION 




' \, EUiution of ini«tr} toirlMIc 


(Circle One) 

i 


, [\{\i\t the kmr to thf FoDowIa^ 
Op(Nliont; 


4 P 

'] R 




I T 

I 




Not Muffed 




FPACTIONS ' ' 




(, Addition ind tubtnction of UnUm, 


4 P 
J K 
I T 

1 , 
Not Nlr^d 


r, HgltipHcition ii^d dNidofl of ' 
frictlflfli. 

■ ■ 


4 P 

) ' 

2 r 
1 

flot Uroulrid 


0, Poxcrt ind roott of frictlOtj, 


^5 


(if ■- 


J a 

1 

Mot flr(|uir(d 



9. Urductlo/i of diftril friction to 
Iwu ier»ii, 

Reduce the fc) lowing fnttiort; 



10. Ilopllflcitloflof coiplei frictions 
Simpllf; the follGi'Ing 'friction); 



iCircle 0*^1') 

4 P 

] II 



Hot Rriuirtl 
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\M One) 

■ 3 R 
2 T 
1 

'lot Pciutrcd 



< P 

3 II 
I I 

r' 

Hot Requlrid 



S 

< P 

3 [| 
? T 
I 

Not Il«qylri4 



5 

4 P 
3 « 

2 . r 
I 



5 

i . P 

1 II 

2 T 
1 

Not Atqiitrcd 



16. I'flUto'lvffiiaMtthlnawlrlciyilfff, 
2. SDDmNp iiUlmondt 



U» Unit convcrJidn ulthin i Mfl'Hetrlc'iyjlef. 
I. lOOOyjfdH Ut\ 



WHAT UNITS ARE USED? 



SCIENTIFIC NOTATION 



II Repreuntillon of mtm Id iclerttlfic 
DDtition, ^ 

following nufiben in tcientlfie 

imtitton: 

1. 96,000,000 • 

2 . 0.000000009/* 



(Circlt On«| 
\ 

< P 

'3 
2 t' 
I 

Hot Rtqjlrcd 



3 R' 

2 r 
I 

Not 



Kot Rf^glred 



19. Addition ind iuHr<ctlon of nuotcri in 
Ultntific riotitioft. 

1. iilQ* fnif)* . 

2. 5.5»lO*.5iiOi' 



?0. llyltipHcatioRindduiilonoffiirbfrt 
In Kltntlfic noutlon* 

■ l (2.5ilO'|i|hI0"'|«'; . 

2. <.Q > 10^) I (2 « 10)) < 



J intt rooti or'nu-iiirj In 
XltntlflCflotitlon, . 

(3« 10^)'- 



4 P 

1 



• P 

3 H 

2 T 



lol fle<);ilrpd 



Not Peiylrtd 



36 



f 








f ' 








DECIBELS 

tt..O((ibfU. , 


iCIrcliOnel 
5 
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EqyATIONS .. 

11 SubftltutionorkfKittnvitMt Intoi 
JIvM fomuli. ^ 
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I T 
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1 \.. ^ ' 




2. CUcfl Z > 19 ind x ■ 100, y ■ SO. • 
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1 71 Mthff«tlc coflipvtition utlD) lofi. 

Cm0i;U i(il|i)-<lQ)l; 
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■t. |298?)(5<)| - 
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ZD, TriMpositlom of ilfiibrilc ixpreitloni. 
1, Solve for 1; 
1 2 


5 

J 1 

^ r 

3 1 

2 I 


Mot Itf^uircij 


r Solve for yj 
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Not Required 


)m\m\ or 1o^4rltl«i( &iH c<|ion(iillii 
SflUe for i: ' J 
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33. Solution of quidntknuitiOM. 
Solve for 1: 

I 2i - 4 > Q 



31. Solution} of morHlOr^rtlrbltiomi 

e^Mtlom. 

1, Solve for 4 I/Id I : 

I * 

2i • I < M 

II' 

2. Solve for b^ end b^i 

I'l". 



JTT'' 
I 2 



32. Solution! Of M order ilmUmcOui 
e^tfitlofi). 

CIven; 2lMbt2c > H 
^at2b<(c;* < 
■ U^m: ' 28 

1, Solve for I. 1 

2, Solve for b. . 



iCIrcte QnO 



Hoi Priulr^d 



fiot Required 



Not 



Required 



38 



'J 



r _ ' . . 

A 


ALCEBMIC EXPRESSIONS 

iClnli One) 
Kot Ptqvlred 


ICIrcIt Ml 

liprilHini |lM of lipomlt). 

. < f 

?. Ifii (iiblc root of iV Iv ' 


39. PMfi 4nd rMtJ of polywlilj. 

1 

Not Mrtd 

_ ^ c::^ 


futtlrliCJtionirddivUiOAof 
llrplf il^fbfiK HHrfUlOM (Ins * ^ 


£0. Addition lod luttricttuf of i 
frictionol lt9«britc ixprmioni. ^ ^ 

1 Jb — 1 


IV RuHinlicitlonof itfebrilc < f 
utfn\\m y> to biAoililV ^ 

I. |«M||M)' 1 

Rot tv\\i\rti 


41, riclorln^ilgebrileiipntilMj* ^ 
Fictor tlir follMlng pol/MiUh; ^ |, 

1. i^bJ I 1 

2. HiMl^lS ' 

Hot fifquired 


HuUifUdiittii of ilgfbnic »rpfinloAi ' $ 
J. (5i»Kt)IU-55')€l • ^ ' 
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DETERMINAHTS 
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1. 11 ?1 
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mum r^ln. 

I. to^r! If'* t9 tt*Mf*\. 
t. l> u^m to ct^rm, 



Wit fpM'f Ir't'tc'l)'? finite 
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•f l^^ iifl!* of I fuf^t^o"* 



di 



(Clrclf OntI 



KQt RequlrH 



^1, \D\\i[\m tQ M^M trlii\9let. 




<8. CilcvlUioni of il4 irti of i trtm^li. 
UhU trt tht irti) of the foUoiln) 




2. 



49. SotuUont for unknown ^jrtt of I ooif"l^ht 
trlinjleuiin) )i« J sina ma \in (if 
cotinct, 



1. CNtn: 



Solvi (or )i. 



Sclvf for A. 




I r 
) I 

{ r 

I 

Not lir(;kt<*'i 



M. M\m of i^Iilvdi, frt^utncy, 
pHiti lo^li, period in^jlir 

I MMI U th» frtquMCy, irpll. 
tudt iftd pli«)e in^ir of thi fo)* 
lotfin) pfrlodle funttionl 

2. Whit It till period iAdinv«iijr 
vilocit/ of folMng periodic 
fuflctlon? 



SI, Applicitlon of M lAd differexe 
idinmiH. 

I (inn: i)nitO:»92 
cot I • urn 

siA b * m) 
cot ^ • o.:iH 

^'i Given; tini«0.7(CI) 
cot I • O.H^I 
tin b > o.e^eo 

. cotb*O.SO00 
m\ it tin IHII 
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IT 

1 
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1)0)01) J t 
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1 

KOt Hiiiiiiirtd 


1. I-JI'. < ' 

../f._ ; ; 
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BOOLEAN ALGEBRA 

f 1. (Qfivrrdot ef Hneiofi tmwim to 

I. 4 * ). Q • 1, \\ output of 
(0i\trii(l • tflilh Hble for 
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Extra categories/skills 



What computational air^z are allowed during your portion of the course/exam? 

During Course 

Computers 

Calculators 

Slide Rules 

Log Tables - 

Trig. Tables 

Formula Sheets ? 

Othef£ ^ 
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